Introduction
Dry eye disease (DED) is a medical condition associated with symptoms of ocular irritation, visual disturbance, and tear film instability, often going hand in hand with ocular surface damage and inflammation. Dry eye is considered a multifactorial disease with numerous causes and risk factors. 1 Some clinicians may differentiate DED into an aqueous deficient type (aqueous deficient DE) or an evaporative type (evaporative DE), although most of the time, the distinction is not that clear. However, whether aqueous deficient or evaporative, both can result in a cycle of inflammation, tear hyperosmolarity, and ocular surface damage. 1 Inflammation has a key role in DED and is both a result and cause of tear deficiency and ocular surface damage.
Although common, diagnosis and clinical evaluation of dry eye typically rely on patient symptoms and clinician's subjective grading of ocular surface staining patterns. Monitoring of treatment efficacy is mostly dependent on improvement of patient symptoms, as well as signs of ocular surface damage.
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Fernandez et al promoting leukocyte migration by expressing cell adhesion molecules, such as intercellular adhesion molecule 1, and major histocompatibility complex II molecules, such as human leukocyte antigen D-related (HLA-DR), on antigenpresenting cells. HLA-DR plays an important role in T-cell activation and is overexpressed in many patients with DED. [3] [4] [5] [6] [7] HLA-DR expression on surface cells has been shown to correlate with inflammation and was found to be increased in patients with dry eye. Flow cytometric analysis of samples taken from the ocular surface by impression cytology that appropriately stained may be used to detect this proinflammatory marker. [8] [9] [10] [11] [12] [13] [14] Because HLA-DR is considered a biomarker for the increased inflammation on the ocular surface associated with DED, detection of HLA-DR by flow cytometric analysis may be a useful indicator for identifying ongoing inflammatory processes, classifying the severity of DED, and evaluating the response to treatment. Therefore, the relative percentage of cells obtained from impression cytology, which highly express HLA-DR, may provide a minimally invasive objective measure of inflammation of the ocular surface.
The test treatment used in this study was a lubricant eyedrop product containing polyethylene glycol (PEG), propylene glycol (PG), and hydroxypropyl guar (HP-Guar) preserved with polyquaternium-1 (POLYQUAD ® ). The preservative polyquaternium-1 has been shown in animal studies to be less toxic to the ocular surface than the traditional preservative benzalkonium chloride. [15] [16] [17] [18] [19] HP-Guar effectively relieves signs and symptoms related to moderate dry eye, with measurable improvements evident in both objective staining and subjective questionnaire. 19 The purpose of this study was to evaluate the efficacy of this lubricant eyedrop solution in improving signs and symptoms of DED, as well as its influence on surface inflammatory markers measured by flow cytometry.
Materials and methods study design
This was a single-arm, open-label study of an over-the-counter lubricant eyedrop with active ingredient PEG/PG + HP-Guar (www.ClinicalTrials.gov identifier, NCT00946777). This Institutional Review Board-approved trial was conducted in accordance with the Good Clinical Practice guidelines for the evaluation of medical products and following the tenets of the Declaration of Helsinki.
Patients
Patients were selected from those being seen at the Faculty Practice Associates at the Department of Ophthalmology, Mount Sinai School of Medicine. Nineteen patients who were diagnosed with mild to moderate DED with typical signs and symptoms were recruited. All patients read, understood, and signed the informed consent form before any examination was obtained. Male as well as female patients who were 18 years of age or older were eligible for the study. Both eyes of each patient were included in the trial.
The major inclusion criteria were at least one symptom of dry eye that was graded moderate to severe (rated on a 4-point scale) or clinical evidence of dry eye by Schirmer testing (,10 mm/5 min). Patients were required to show evidence of ocular surface disease, moderate vital staining of the ocular surface with fluorescein (for corneal evaluation) and lissamine (for conjunctival evaluation), and had to be willing to discontinue current eye medications, use PEG/ PG + HP-Guar four times a day, and return on follow-up dates throughout the course of the study. Patients with any of the following were excluded from the study: uncontrolled systemic (ie, diabetes mellitus, rheumatoid arthritis, and other immunologic or autoimmune diseases) or ocular disease (ie, glaucoma or uveitis), dry eye due to seasonal allergic conjunctivitis, contact lens-related conjunctivitis or other acute or seasonal diagnoses, monocular and/or legal blindness, history of ocular surgery or trauma within the last 6 months, or participation in an ophthalmic drug or device research trial within 30 days before entry in this study.
Materials
US Food and Drug Administration-approved over-thecounter lubricant eyedrops were used in this study. The test solution was a PEG/PG-based, HP-Guar-containing lubricant eyedrop, preserved with POLYQUAD ® (Systane Ultra ® Lubricant Eye Drops, Alcon Laboratories, Inc., Fort Worth, TX, USA). The product was supplied in its original, unopened container.
Procedures
After the study was explained and consent given, eligibility criteria were assessed to ensure all patients had dry eye signs and symptoms. After baseline screening and baseline impression cytology, all 19 patients were instructed to discontinue other artificial tear products but could continue use of Restasis ® (cyclosporine A; Allergan, Inc., Irvine, CA, USA) if they had been using it for at least 6 months, because baseline readings may change significantly if chronic usage was discontinued. They were given PEG/PG + HP-Guar, to be used four times per day to both eyes for 1 month. At the end of 1 month, clinical assessments were performed Clinical Ophthalmology 2015:9 submit your manuscript | www.dovepress.com
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effect of lubricant eyedrops on hla-Dr in dry eye to compare before and after treatment. Samples taken by impression cytology were analyzed by a masked examiner, using flow cytometry. Inflammatory markers (percent cells highly expressing HLA-DR) before and after study treatment were determined.
impression cytology
Cells were collected via the technique adapted from previously established methods. 4, 8, 12 In brief, after administration of a single drop of topical anesthetic (0.5% proparacaine hydrochloride ophthalmic solution), two sterile 0.20-μm, 13-mm polyether sulfone filter membranes (Supor-6-Membranes, Pall Life Sciences, Ann Arbor, MI, USA) were applied bilaterally onto the superior bulbar and supero-temporal aspects of the conjunctiva without applying pressure, at least 15 minutes after any prior ophthalmic procedure(s). Cells were collected in a sterile fashion and placed in 2 mL paraformaldehyde (0.05% in phosphate-buffered saline [PBS; Mediatech Inc, Manassas, VA, USA]) in 5 mL, 12 mm ×75 mm test tubes (BD Biosciences, Franklin Lakes, NJ, USA) for direct immunofluorescence and subsequent cell cytology. All specimens from a given eye were placed into a single test tube. Samples from contralateral eyes were placed into separate tubes. The tubes were labeled with only a masked code number. They were then stored at 4°C-8°C in the dark until staining. One to two drops of prophylactic antibiotics (0.5% moxifloxacin hydrochloride) were administered to both eyes after collection.
immunostaining
The percentage of highly HLA-DR-positive (inflammatory) cells was calculated by direct immunofluorescent staining followed by cell cytology. 4, 8, 12 In brief, upon initiation of staining, the samples were diluted with 2 mL cold (4°C−8°C) 0.5% bovine serum albumin (BSA) in PBS. Cells were separated from the filters by mechanical agitation (vortex; 15 seconds) followed by centrifugation at 1,600 rpm for 5 minutes (4°C; Beckman GS 6R Centrifuge, Beckman Coulter, Inc, Fullerton, CA, USA). The filters were removed, the cells resuspended (0.5% BSA in PBS), and 40% of the resulting samples split into new test tubes to be used as negative controls. The cells of all tubes were concentrated by recentrifugation (1,600 rpm, 5 minutes, 4°C) followed by decanting and resuspension in 200 μL (0.5% BSA in PBS). Samples were stained for HLA-DR using a direct immunofluorescent technique. Fluorescein isothiocyanateconjugated monoclonal mouse antihuman HLA-DR, alpha chain clone, TAL.1B5 antibody (BD Biosciences) and fluorescein isothiocyanate-conjugated mouse antihuman IgG 2b (negative isotypic control; BD Biosciences) were diluted 1:50 in 0.5% BSA in PBS and were incubated with samples at 4°C in the dark. Samples were washed (0.5% BSA in PBS) twice after centrifugation (1,600 rpm ×5 minutes, 4°C) and resuspended in 400 μL BSA (0.5%) in PBS in preparation for flow cytometry. 4, 8, 12 Flow cytometry To analyze, dot plots for cell size (forward scatter) versus cellular granularity (side scatter) and fluorescence channel (FL) 1 versus cellular granularity (side scatter) and a histogram (FL1 versus event count) were plotted, demonstrating a single homogenous cell population ( Figure 1 ). Analytic gates were set around the area of interest to exclude cellular debris and aggregates. The percentage of HLA-DR-positive cells was obtained from a cytogram, yielding the histogram's statistics, indicating the mean intensity of cell fluorescein that was proportional to HLA-DR expression. In each sample, 1,000-10,000 cells were analyzed; samples containing less than 1,000 cells were discarded. Samples from each eye were 
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Fernandez et al analyzed separately and independently. 8, 9, [11] [12] [13] [14] All specimens were processed by a masked observer.
Clinical assessments
Clinical assessments included the Ocular Surface Disease Index (OSDI) questionnaire, tear film break-up time (TFBUT), corneal and conjunctival staining with fluorescein and lissamine, and Schirmer testing with anesthesia. [24] [25] [26] [27] The OSDI questionnaire was completed following the standard technique by Stevenson et al. 27 Standardized TFBUT was done by instillation of 5 μL of 2% fluorescein onto the conjunctival fornices and recording the time for the tear film to break up on the corneal surface. The average of three measurements was recorded. Corneal staining was then assessed using the National Eye Institute scale for grading, dividing the corneal surface into five areas and scoring accordingly (grade of 0-15 per eye). [24] [25] [26] Conjunctival staining was evaluated using lissamine-impregnated strips wetted with artificial tears, and conjunctival staining pattern was graded according to density, using a scale of 0-3 on both the nasal and temporal conjunctiva (grade of 0−6 per eye). 24, 25 Impression cytology was then performed using the technique described earlier. Schirmer testing with anesthesia was performed by instilling anesthetic drops onto the lower conjunctival fornices, then waiting for 3 minutes before placing the tear strips on the lower lid margin. Patients were asked to close their eyes for 5 minutes before taking the readings. 24 The modified Dry Eye WorkShop (DEWS) score was graded based on the aforementioned tests and clinical evaluation mentioned. The patients were then given a DEWS classification of DED severity (Table 1) , where scores from individual dry eye test were replaced with severity grading score of 1-4. 24 Visual acuity, intraocular pressure measurement, and slit lamp biomicroscopy were also done as part of safety parameters.
statistical analysis
Statistical analysis was performed using SPSS (IBM Corporation, Armonk, NY, USA) and NCSS (NCSS, LLC, Kayesville, UT, USA). Within-patient, before and after treatment comparisons were conducted using paired t-tests. All tests were two-sided with a confidence level set to 95%.
Results
A total of 19 patients were enrolled in the study. Three patients did not return for their day 30 evaluation and were not included in the final analysis. Therefore, 16 patients or 32 eyes were evaluated (Table 2 ). There were two enrolled patients who had been on Restasis ® for more than 6 months. After 30 days of treatment with PEG/PG + HP-Guar, statistically significant changes (P,0.0001) were observed in the mean corneal staining (5.38±3.63 to 2.71±3.08 points), with an improvement of 2.68 points or 51%; TFBUT (2.39±1.64 to 4.19±2.25 points), with an improvement of 1.80 points or 115%; and the total DEWS score (2.10±0.90 to 0.82±0.83 points), with an improvement of 1.28 points or 58%. There were also statistically significant changes in mean OSDI score (41.54±23.62 to 32.91±23.16 points), with an improvement of 8.63 points or 19% (P=0.0204). Results from conjunctival staining showed improvements after 30 days of treatment; however, they were not statistically significant (Table 3) .
Sixty-three percent of patients had decreased HLA-DR expression in one or both the eyes, and 43% had increased expression in one or both the eyes after 30 days of lubricant eyedrop use. The percentage of HLA-DR-positive cells obtained from the resultant cytogram, indicating the mean intensity of cell fluorescein, which was proportional to HLA-DR expression, revealed a change from 7.17±6.10 to 3.77±2.12, showing a significant decrease of about 50% (P=0.0212; Table 4 ).
These numbers reflect a general decrease in the inflammatory marker HLA-DR in eyes treated with PEG/PG + HP-Guar (Figures 2 and 3 ).
There were no reports of adverse events for the duration of the study, neither observed by the investigator nor reported by the patient.
Discussion
Our study suggests that regular use of over-the-counter lubricant eyedrops for 1 month may lead to decreased inflammatory response of the ocular surface, as measured by the percentage of HLA-DR-positive cells obtained through impression cytology. This study also suggests a mechanism of how a lubricant eyedrop solution may help in providing improvement in DED beyond palliative treatment. In addition, it demonstrates the usefulness of a biomarker of inflammation, percent-positive HLA-DR cells, for assessing treatment in DED and inflammation of the ocular surface and its responsiveness to change with an intervention. The use of minimally invasive objective metrics for evaluating the severity of disease and effectiveness of treatment may provide better endpoints for future clinical trials of DED and other ocular surface abnormalities.
Inflammation of the ocular surface plays a vital role in DED. Levels of proinflammatory cytokines, chemokines, and inflammatory T cells have been found to be elevated not only in patients suffering from autoimmune ocular diseases such as Sjögren's syndrome but also in non-Sjögren's dry eye. Stability of the ocular surface depends on a number of factors interplaying to keep and preserve the integrity of the tear film and transparency of the cornea. These factors include sensory inputs from the ocular surface resulting in reflex tear production as well as proper tear film composition. If any of these is altered, inflammation will result, causing even more tear film instability, entering into a vicious cycle. [1] [2] [3] [4] [5] [6] [7] HLA-DR is a glycoprotein transmembrane complex, part of the major histocompatibility complex II. These molecules are present in antigen-presenting cells, which activate T cells as part of an inflammatory cascade. Although HLA-DR is also expressed in normal conjunctiva, studies have shown that expression is significantly upregulated in patients with DED compared with normal eyes. [3] [4] [5] [6] [7] Alterations of the conjunctival surface can be analyzed by impression cytology. This is a minimally invasive method wherein surface epithelial cells can be harvested and analyzed using indirect immunofluorescence and flow cytometry. It was believed that only immune cells express HLA-DR, but using the techniques mentioned earlier in the analysis of dry eye patients, studies have shown the expression of HLA-DR by conjunctival epithelial cells is correlated with the severity of the disease. 6 This marker appears to reflect disease progression in mild to moderate dry eyes and may even be expressed in those with mild disease with no signs of ocular surface damage. 5 It would then theoretically follow that the use of immunomodulatory agents had a role in the treatment of dry eyes, which is the reason why a wide range of drugs (eg, corticosteroids, doxycycline, cyclosporine A, mycophenolate mofetil, tacrolimus, rapamycin, leflunomide) have been tested in laboratory or clinical settings for the treatment of DED. 
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With the use of the biomarker HLA-DR, therapeutic approaches to modulate inflammation associated with dry eye can indirectly be monitored. Sánchez et al performed a prospective, randomized study to assess the effect of an artificial tear eyedrop containing HP-Guar in DED after cataract surgery. 19 This study randomized patients who had undergone cataract surgery into those receiving the usual postoperative eyedrops (antibiotic + steroid) and those receiving the same drops plus the artificial tear with HP-Guar. The following clinical assessments were evaluated: OSDI, surface staining, tear break-up time, and Schirmer scores, as well as laboratory analysis by flow cytometry to evaluate inflammatory markers and compared data from postoperative day 1 and postoperative day 30. This study found significant differences in TFBUT, OSDI scores, and inflammatory markers HLA-DR and CD11b. Major histocompatibility complex HLA-DR is particularly relevant because it is normally expressed only by antigen-presenting cells but is expressed by ocular surface epithelial cells during immune-driven inflammation. In DED, immune-driven inflammation occurs when ocular surface epithelial cells express markers such as HLA-DR, which elicit further T-cell response, creating a cycle of inflammation and surface damage. Because of this, HLA-DR can be used to monitor inflammatory activity on the ocular surface and possibly the effectiveness of dry eye treatment.
Although studies have shown some pharmaceuticals increased tear production and decreased inflammation, patients with severe dry eyes find incomplete relief of 
P=0.0212 versus baseline, paired t-test.
Abbreviations: hla-Dr, human leukocyte antigen D-related; na, not available; OD, oculus dexter; Os, oculus sinister; Peg, polyethylene glycol; Pg, propylene glycol. Use of some of these drugs has improved signs and symptoms of DED, but some have adverse effects, including pain, discomfort, and secondary ocular changes such as cataracts and glaucoma, all of which may limit their long-term use. 
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effect of lubricant eyedrops on hla-Dr in dry eye symptoms and usually still need a supplemental use of an artificial tear product. 29 The use of tear substitutes as part of the management of DED is a form of symptomatic approach to the treatment. Tear substitutes or artificial tears sometimes contain additional agents that increase their viscosity in order to improve patients' comfort and return the ocular surface and tear film to the normal homeostatic state. HP-Guar is used as a gelling or filming agent added to PEG/PG and has been suggested to preferentially bind to more desiccated or damaged areas of the surface of epithelial cells providing protection. [30] [31] [32] When HP-Guar (pH of 7.0) comes into contact with tears (pH 7.5-7.8), it forms a matrix with borate ions, and thus, the contact time with the PEG/PG lubricant is prolonged, which leads to a stabilization of the tear film. 32 In rabbits, an exposure as short as 1 week could lead to an increase in precorneal mucous layer thickness. 18 A study done by Sall et al showed that cyclosporine A (Restasis) combined with an artificial tear worked well in improving signs and symptoms of DED; however, not all artificial tears worked the same. 33 They found that Restasis combined with a lubricant Systane ® (Alcon) that contained PEG/PG and the gelling agent HP-Guar worked better than when combined with a preservative-free carboxymethylcellulose agent Refresh plus ® (Allergan). Interestingly, Restasis combined with Systane compared to Systane alone did not show any statistically significant difference in the improvement of signs and symptoms. 33 According to the DEWS report on the management and therapy of dry eye in 2007, although ocular lubricants have been shown to provide some protection of the ocular surface, and some improvement in patient symptoms and objective findings, they have not been demonstrated in controlled clinical trials to be sufficient to resolve ocular surface disorder and inflammation seen in most dry eye sufferers. 34 Springs searched for peer-reviewed articles related to DED and PEG/ PG + HP-Guar and concluded that the drops would reduce corneal and conjunctival staining in patients diagnosed with this condition, improve tear film stability, have a low coefficient of friction in an in vitro model, and improve maintenance of best-corrected visual acuity over time. 32 However, there was no mention of this preparation being effective in modulating inflammation associated with DED.
In our study, it was shown that following 30 continuous days of use with the PEG/PG + HP-Guar, there were statistically significant improvements in measurements of general ocular health. As part of the methodology, we also analyzed the effect of treatment on the ocular surface using impression cytology and used flow cytometry to monitor inflammatory markers associated with DED. We found that the use of PEG/PG + HP-Guar in our study protocol not only led to reductions of the total DEWS score but also improvement in OSDI score, corneal staining, and TFBUT. More than half of the patients showed decreased expression of HLA-DR after treatment with PEG/PG + HP-Guar. Not all patients showed the same magnitude of decrease in HLA-DR and some patients showed an increase in HLA-DR despite improvement in clinical signs and symptoms of DED. This may be due to individual variability in response to the treatment, or possibly, some may require more time to achieve a decrease in surface inflammation. Our masked analysis demonstrated that overall, the average percentage of HLA-DR-positive cells was significantly decreased on the ocular surface after 30 days of use of PEG/PG + HP-Guar (P=0.02).
To our knowledge, this is the first reported evidence that an over-the-counter lubricant eyedrop solution can help decrease the immune response of the ocular surface in patients primarily diagnosed with DED, as evidenced by a reduction in a biomarker of ocular inflammation, percent positive HLA-DR cells. Similar results have been published by Sánchez et al, who demonstrated that the use of PEG/ PG + HP-Guar after phacoemulsification decreased dry eye parameters and inflammatory markers including HLA-DR; hence, the use of these drops might not only be an option for primary dry eye patients but also for dry eye or ocular surface diseases associated with ocular procedures. 19 This demonstrates that impression cytology and flow cytometry may be considered a minimally invasive and objective means to monitor the disease process as well as treatment effects in DED. These results underscore the need for further, largescale studies concerning the use of artificial tears not only as a symptomatic treatment but also objectively as a therapy reducing parameters of disease activity.
This study had some limitations. The small sample size did not allow for multivariate testing for correlation of HLA-DR expression with other inflammatory markers. Further, the study was open-label with only one arm and no control group. The absence of a control group did not allow a comparison between treatment with the study formulation and no treatment, which somewhat limits the strength of conclusions that can be drawn regarding the effects of the study formulation. Also, two of the patients analyzed had been using an anti-inflammatory agent, cyclosporine A (Restasis) at the time of enrollment and there was no washout period. Because of the anti-inflammatory nature of Restasis, posttreatment decrease in inflammatory activity cannot be solely attributed to the test drug. Despite these limitations, our results demonstrated that HLA-DR expression significantly decreased from baseline, and many signs and symptoms of DED were significantly improved in patients with DED who received treatment with PEG/PG + HP-Guar, suggesting that patients may benefit from use of this artificial tear formulation.
Conclusion
We have shown that PEG/PG + HP-Guar is effective in improving signs and symptoms of ocular surface disease associated with dry eye. Interestingly, it was also shown that the inflammatory aspect of the disorder may be further modulated with the use of this lubricant eyedrop solution. This demonstrates that symptomatic treatment of DED that attempts to bring back the ocular surface to a homeostatic state can produce a corresponding decrease in the immune response of the eye to surface damage. Furthermore, because inflammation plays a pivotal role in DED, impression cytology and flow cytometry may be valuable tools in its diagnosis and treatment and provide an objective minimally invasive biomarker and metric to classify severity of ocular surface disease and to monitor response to treatment. This study may serve as a preliminary investigation of the role of artificial tears in regulating inflammatory response in DED. Future studies will include larger patient populations, longer follow-up durations, and comparison of PEG/PG + HP-Guar with other eyedrop formulations for dry eye. Additionally, characterization of the role of inflammatory markers in DED may contribute to improvements in diagnostic modalities and treatment monitoring of this disease.
